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Accoi.ml i shrne nt s

a) rn-,ue-1 vaccine studi,;s:

A Lroup of 32 tuberculima-ne.--t ive juvenile rhesus r.uyswere

pretested for III as well as for ,2utralizin, aatibodies aLgainst den.,ue
virus serotypes' I to IV. All aniiaals were found to be free3 of den,,uc
virus antibody. Aill uon'.ey3 were housed at the Caribbean Pri.; ate
1'esearch Center in individual steel squeeze cases in a njosquito-proof
area. Fifteen days 1lat:-r, all inonkteyz'.wore tested a.ain (by 11 tests)
for tne presence of dJun,-ue antibodies. A.,Iain, all aniirials- vere found
to o free of antibodies a--airist all four dcn. ue serotypes.

Onl June 21, 19241 we re received: four vials of' thie live-
at tecnuatLed dfen;uo- 1 v accie i cstrain TP7 9-5 6 ( code N o. TSI1-1351)216 ) as
well a3 of the den. u- 1 va-ccine strain 41-A2-5 ( code N~o. TS I - ID2 14I
A 'bottle of vaccin, dil Uen1t (F.MWiti 0.25.: iI.SA) %ias also recuivea
f ro0u , UA 121. Ea~ch vial of lyopaylizzes vacciner, were resuspended in 3
znl of double distil led L'2 0. Onl vaccination day, the TP79-56 seed had
a titer of 5.3 x 10 3  fuli-!l (9.5 - iO5 Lloa'Jluito infectious doze per
!ul, hI 5  A.The 45AZ-5 vaccine had a titer of 6.3 x 103 pfu/ml

Ani.:ials were dividedj into 2 -roups of 15 , onkeyj each. Onle
* rou received the TP70,-5%' v~ccinc and the othzr -,roup was innoculated

wit h the 115AZ-5 vacciniu. COn July 12, 1 904 uonlceyz were innoculated
* subcutaneously with, 0.5 i. 1 of serially diluted preparations of either

TP79-56 or 115A2.-5 vacciiiu.;. The hi, hest dozus usied were 1,320 PID5 0
and 322 ::ID5 0 for thit 4b AZ-S and the TP79-55 vaccines, respectively.

*Aippropiate 10 fold dilutions; were iadu in the diluent uediuza provided
* by .':RAIR. Groups of 5 anii..als were inocul sted with each vaccine

dil ution. Two ;on::ey. Luurc: u:sed aiL the unvaceiinaLed controls.

7:or1z.,ys were 'bled o11 dO-'t vaccin-tion day.; 30,60,90,120,150 -lnd
1150 and 'j titers agaiost den ue-l virus we(-re obtained followin -
standiard! .roedures. Ti. , virus uocd for 1:tesLts was receive.d fro,-
,LhAII onl January 27, 1924 and was passed tIe i~ n lu n
tii-oz in TF1A1 2341 cells. The,, titer of the virus was 3.5 Y 10~5 r.fu/L..l.

';esults obtain.A are snrown on tables 1 and 2. It canl be see n fro.a
these tables that it require-d 417 >1ID 5 0 /0.5 .lA and 115 ::1D5 0 /0.5 Ll
for suroconvL1rsio,* 02 :,. of the nil witai the 45AZ-5 and tlie T?70-
5: vaccine, reopectivcly. Thlcse dozes ur _1c bt w :en 4 0 t o 1 0 t i~.
hi -:rr than the dose roquirL d to infect 50% of th0 i.onkeys with either

(w il" tye ier. ac-2 ordurue-4 virus (sev juzirturly report 19.33;

!:rai2(elburd Lt al , TrL noactiona of the Royal Society for Fx:perii,:ental-1 o th , d tUhed-icine and Ey, iern, 1: 211921251 193) ... as on thi da it
uould appa ar that tne 45SA" vace2ine.ijh be 3 tir..eS Lsore attetruated

thian the TP79-% acie

AA
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On day 190 post-infection, all aniLials were inoculated s.c. with
0.5 ml containing 2916 lIID50 (29.2 pfu) of DEN-1 virus (strain .irAIR -
UP1974). Virus was received froL URAIR on DEC. 20t 1984 and was
stored at -70 ° C upon arrival. For animal inoculation, virus was
diluted in NEI containing 0.25% HSA.

Animals were bled on post infection days 10, 30 and 61. 11 tests
were performed following; standard procedures, using the WP1974 D:1-1
strain. Results are shown on Tables 3 and 4.

As expected, all control ani,.ials seroconverted on or before post
challenge day 30 (see table IV) Den-ue-1 immune animals showed a
typical secondary antibody response.

b) Den:ue-3 vaccine studies:

The second phase of this contract started on June 1, 1985. Its
objective was to coiipare irixi;unogenicity of Aruy's candidate Dengue-3
vaccine (CH534C9) with the wild type Dengue-3 virus (strain CH53489).

On Nay 23, 1935 we received from :RAIII 6 vials of each, the
lyophilized wild type Dengue-3 virus as well as the vaccine. Virus
was labelled: CH53189, ilfg date: April 1984, lot No. 1. Vaccine was
labelled: live attenuated CH534,39 clone 24/28 HIfg date: Sept. 1983,
lot No. 1.

On May 31, 1985 two vials of each preparation were reconstituted
with 3 ml of double distilled, tissue culture-grade water. Vials were
pooled and assayed for both, plaque forming units (pfu) (using the
LLC-MK cell assay at 31 C) and for mosquito infectious doses (by
mosquito innoculation). Titers obtained were as follows:

Vaccine: 4.85 x 102 pfu/u:ll (2xi0 6  :IDS0/wl)
Virus : 5.25 x 102 pfu/til (2x10 5  1ID5 0 /fal)

Pfu titers were read on June 6. IIID 5 0  titers were reported to us
by Dr. Gubler (San Juan Laboratories) on June 214.

On N!ay 15, thirty thrce iionkeys were housed in individual cages in
a mosquito-proof area. They were bled on the same day, and their
serum samples were found to be free of antibodies to the four dengue
serotypes (by HI and 1; tests). On June 1, the animals were bled
again. Serological tests (III and N) showed no evidence of flavivirus
infection. The viruses used in N tests were: Dl (WRAIR) p#3 ALDO, p#4
TRA; D2 Pr159 P#2 ALBO; D3 CH534C9 p#1 TRA 204, and D4 V241 (Sar. Juan
Laooratories) pi1 ALBO. The titers of the virus (as well as of the
vaccine) reported above were used to calculated the dilutions required
to infect groups of 5 honkeys with 500, 50 and 5 NID5 0 of each
preparation. Preparations were diluted in EIEhl containing .25% IISA
(sent to us by VPAIR).
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On July 10, g-roups of 5 monkeys were either s.c. infected or
vaccinated with 0.5 ml of the doses that were calculated as described
above. Control monkeys received diluent only. However, vaccine as
well as virus titrations performed on vaccination day, revealed a
difference with the titers obtained on June 6 and 24. The new titers
obtained (July 10 titers) were as follows:

Vaccine: 4. 85 x 103 pfu/ml (1 .6 x 1 !'1ID 5Q/ml)

Virus 1.05 x 103 pfu/ul (6 x 16 11I o /ml)

Therefore, there was almost a 10 fold difference with the
previous titers. At this time, we do not know the cause(s) of this
diferences (upon reconstitution both vaccine and virus vials showed

,' always the characteristic pink color).

Based on the titers obtained with the inoculum used on
vaccination day, we calculated that the monkeys were vaccinated with

V 4000, 400 and 40 HID 5 0 , respectively. The doses of wild type virus
administered to the animals were:15,000, 1,500 and 150 HID 5 0 per 0.5
ml, respectively.

Monkeys were bled on days 30 and 60 post inoculation. Seruw
samples were assayed for antibodies against Dengue-3 virus (strain
CH5349 p#1 TRA 284). Results obtained are shown on tables V and VI.
It can be seen from these tables that both, vaccine as well as virus,
were highly immunogenic. However, with the doses used, end points
could not be obtained. These results were in contrast with the
experimental data obtained in this laboratory with other dengue
strains and vaccines, which are summarized in table VII.

Upon consultations with the project officer of this contract, Dr.
Ken Eckels, it was decided to introduce 20 additional monkeys to the
project and to release the animals which were infected or vaccinated
with the highest dozes. This modification to our original contract
was decided in order to obtain end points for both, vaccine and virus.
On october 28, 1985 we introduced and bled 20 additional monkeys.
These animals were bled again on Nov. 12, 1985. All animals were
found to be free of denguc-3 antibodies (N test performed against
Dengue 3 CH53489 p#1 TRA 284).

The last two vials of vaccine and of virus were pooled separately.
Appropiated dilutions were made to infect groups of 5 monkeys with 15
andl.5 MID 5 0 of dengue-3 virus and 10 and 2.5 HIEo of vaccine,
respectively. The dilution factors were calculated on the basis of
the titers obtained on July 10, 1985. However, the titers reported to
us by Dr. Gubler varied somewhat frou the July 10 titers. Titers
obtained were as follows:

Vaccine: 4.63 x 103 pfu/ml (2x10 7  HID 5 0 /wl)

Virus : 3.33 x 102 pfu/ml (1.5 X 106 IID 5 0 /ml)

p-5-

" '." I* ," '-..'-/ ." "" ' '" 2 .- ,' . " .". . ' .-



Based on these titrations, it was calculated that the vaccinated
monkeys received 12.5 and 3.125 !ID 5 0 , respectively. The infected
Monkeys received 3.75 and 0.375 1ID 5 0  of dengue-3 virus, respectively.
Animals were bled on post inoculation days 30 and 60. 11 testes were
performed against Dengue-3 CH53439 p#1 TRA 284). It can be seen in
tables VIII and IX that end points could not be reached with the
dilution used. Thus with the lowest dose of virus and vaccine used
(.375 ":ID 5 0 of virus and 3.125 :1ID5 0 of vaccine) 4/5 and 3/5 L onkeys
seoconverted, respectively.

To reach the desired end points, virus preparations were further
diluted and inoculated into experimental aniimals (under contact
uxtension) New :ionkeys were bled and their seruL! samples were assayed
by HI and U tests (aiainst the four dencue serotypes) for any evidence
of previous dengue virus infection All aniuLals were found to be free
of flavivirus antibodies and were brought to a iijosquito-proof area.

Fifteen days later, animals were bled again and their serua
sa.;ples assayed for den]ue antibodies, as described above. 1o
evidence of dengue antibodies was found. Dengue 3 vaccine (CH53489)
and virus were titratcd in mosquitoes and in cell culture usin,
standard procedures. Titers were: 9.6 x 106  !IDco/ul and 4.54 x I

pfu/iil (vaccine) and 1.5 x 106. BID5 0 /"-l and 4 x 103 pfu/ml (virus).

*[ Preparations were titered and diluted on vaccination day (Earch

- 13, 1936). A ,roup of ,onkcys was s.c. inoculated with 0.3072 HID
of vaccine. The otiter ;roup of monkeys received 0.0297 B1ID of wild
type virus. Both inocula were delivered in 0.5 nil of diluent (EBBEB,
0.25' USA) sent to us by Dr. Ken Eckels.

Animals were bled on post infection days 30 and 60 and their serum
sauples assayed for IN antibodies against Dengue-3 (wild type) virus.
Pesults obtained are shown in table X and XI. It can be seen from
these tables that with the doses used, ao seroconversions were
ootained. Th se data allowed us to calculate the NIID 5 0  required to
infect rhesus uonkeys. Usin: the nethod of Reed and !'uench, the
following M:ID 5 0 were obtained.

DenguQ-3 vaccine = 2.93 MID 5 0

Dengue-3 virus = 0.150 :'ID 5 0

These results showed that the dengue-3 virus was extremely
iL,Ljuno:enic (a dose of 0.158 '!ID 5 0 would seroconvert 50m of the
monkeys) and that the den,-ue-3 vaccine was less than 20 fold
attenuated *with respect to tnc wilJ type virus.

lieutralization titrs' of all experii.ental animals used in this
contract were obtained uainj duplicate SadLplts. ;Ost of the saLples
were a3sayed at least twice to confirm the results obtained.

-6-
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c) Deniue-4 (strain 3417q9 Caribe) vaccine studies:

The next series of experiments were carried out to titrate a new

candidate vaccine (Dengue-4 strain 341750 Caribe) and its parent
virus. This work was initiated through an extension of our original
contract. A group of 14 antibody free aniuals were brought to a
mosquito-proof area. Seventeen antibody-free wonkeys (frora the
previous experimental Zroups) were kept. A total of 33 dengue
antibody-free monkeys were used in the new titration studies.

On February 17, 1987, groups of 5 aniuals were innoculated s.c.

with 0.5 ml of different vaccine and virus doses. The vaccine doses
used were: 1 x 106 4ID5 0 , 5 x i04 'iIfo and 103 LID 5 0. The virus
doses were: 1,900 LID 5 0 , 190 LID 0  and 19 1I10 I The titers of
vaccine and of virus on infection day were as follows.

Vaccine: 2 x 106 HID /141 (2.6 x 105 pfu/ml)
Virus: 3.3 x 17 iA%5 0 / 1 l (5.1 x 1C pfu/1al)

The diluent used was EL'Ei., 0.25% HISA. Three uonkeys were used as
uninoculated controls.

Ani:aal infected or vaccinated with the dengue-4 preparations were
bled on post infection (vaccination) days 30 and 60. Serum samples
were assayed for neutralization antibodies against the parent, wild
type dengIue-4 virus (strain 341750 Caribe).

Results obtained are shown on tables XII and XIII. Using the reed
and luench procedure, the following; :ID5 0 were obtained.

Dengue-4 vaccine (strain 341750 Carib): 2.37x10 5  i.:ID50

Denl-ue-4 viru (strain 3 4 1 7 50 Carib): 60 IIID 5 0

It is therefore concluded that the dengue-l4 vaccine was hi" hly
attenuated. The ID 5 0 obtained for the parent dengue-4 virus agreed

well with the previous result obtained with the 11-241 seed of dengue-4
(see table VII).

Ig./
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TABLE I

Antibody Response of lonkeys Vaccinated with Different doses of
Candidate 45AZ-5 Dungue-1 Vaccine

Antibody Titers on Post-Vaccination Day

I!onkey Vaccine IID

Number Type 30 60 90 120 150 190

D32 45AZ-5 1320 19 80 68 52 23 33

C43 45AZ-5 1320 18 26 140 14 <10 <10

C69 45AZ-5 1320 <10 10 80 18 <10 <10

B33 45AZ-5 1320 <10 50 210 14 <10 <10

Elio 45AZ-5 1320 11 50 520 30 15 18

C119 45AZ-5 132 <10 <10 <10 (10 <10 <10

E09 45AZ-5 132 (10 <10 (10 <10 (10 (10

B24 4A 15AZ-5 132 <10 <10 <10 <10 <10 <10

027 45AZ-5 132 <10 <10 <10 <10 <10 <10

391 45AZ-5 132 <10 <10 <10 <10 <10 <10

E36 45AZ-5 13.2 <10 <10 <10 <10 <10 <10

D56 45AZ-5 13.2 <10 <10 <10 <10 <10 <10
El51 45AZ-5 13.2 < 10 < 10 < 10 < 10 < 10 < 10

£. 11 45AZ-5 13.2 (10 <10 (10 (10 <10 <10

£24 45AZ-5 13.2 <10 <10 <10 <10 <10 <10

-£32 f5AZ-5 13.2 <10 <10 <10 <10 <10 <10

-8-



TABLE II

Antibody Response of Nonkeys Vaccinated With Different Doses of
Candidate TP79-56 Denguc-1 Vaccine.

AntibodyTiters on Post Vaccination Day

Honkey Vaccine !ID5 0
Nuuber Type 30 60 90 120 150 190

F34 TP79-56 322 14 29 <10 <10 <10 (10

D41 TP79-56 322 <10 63 32 16 25 32

E22 TP79-56 322 <10 68 10 <10 <10 <10

E21 TP79-56 322 04 78 60 27 50 48

C67 TP79-56 322 <10 <10 <10 <10 <10 <10

E13 TP79-56 32.2 <10 <10 <10 <10 <10 <10

D42 TP79-56 32.2 <10 <10 (10 <10 <10 <10

E34 TP79-56 32.2 <10 <10 <10 <10 <10 <10

C89 TP79-56 32.2 <10 <10 <10 <10 <10 <10

E42 TP79-56 32.2 <10 <10 <10 <10 <10 <10

C73 TP79-56 3.2 <10 <10 <10 <10 <10 <10

C71 TP79-56 3.2 <10 <10 <10 <10 <10 <10

C712 TP79-56 3.2 <10 <10 <10 <10 <10 <10

C92 TP79-56 3.2 <10 <10 <10 <10 <10 <10

C46 TP79-56 3.2 <10 <10 <10 <10 <10 <10

B45 Controls

D46 unvaccinated <10 <10 <10 <10 <10 <10

D63

C05
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TAULL III

Antibody Pesponse of 45AZ-5 Vaccinated :orileys Chal leng-d wit.i

wild Type Deiigue-1 Virus

Antibody Titers on Post-Challenge Day

,!Ollkey
!Nurber 10 30 61

D32 31 30 36
)

C43 <10 4 1 96

C 9 <10 42 62

5 33 <10 58 90

F40 33 22 15

C49 <10 13 160

E09 <10 14 60

B24 < 10 31 26

D27 <10 50 110

B91 <10 21 20

E 36 <10 10 <10

D56 <10 110 160

E11 <10 42 100

E £24 < 10 84 60

E32 <10 10 74

Ifon1ys 1cre Challened Uith 2916 !ID50 of DNI!-I Virus (IdP1974) on

Post Vaccination Day 190.

-10-L A J



TA LE IV

.:.~:c~y . , .... "- Vcitc ':onkcy3 Challenged With
i Tye DLf. 1 Virus

%t ,i 7itcri on Post-Chal1ence Day

S. 1030 6 1

-<10 42 23
-,p

*4 : 1 3" 88

<10 2 0 s0

i :.21 -'. 66

2 7 <12 12 50
( 1 < 1 1 7 145

-" D4 (1; 1? (10

:34 <11

C 9 <1; 140 310

,4' <1" 13 <10

C73 <I 34

C7 1 <IJ 20 23

C 42 < 1 150 260

C92 <1 1) ,- 23

C4 6 <10 45 60

B45* (10 <0 105

<10 (10 <10

D63 :  (10 20 56

cI-" (10 25 110

*Control, unvaccinated (Lat infectcd) ..oi!:,-y

-*Control, uninfected and unvaccinated ionizey

S.I

* -1l-
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TABLE V

Antibody Response of Rhesus Monkeys Vaccinated With Different Doses of
Candidate Dengue-3 (CH5349) Vaccine.

Vaccine Dose N Titers on
Monkey (MID 5 0 in 0.5 ml) Post vaccination Day
Number 30 60

GOO 4,000' 45 N.D.
G57 22 N.D.
H13 28 N.D.
H16 27 N.D.
H19 10 N.D.

E07 400* 10 N.D.
E08 >640 N.D.
F86 >640 N.D.
052 12 N.D.
G91 42 N.D.

F77 40* 170 60
F87 54 76
F89 240 58
077 56 20
HI 1 >640 18

*Correspond to 1.21, 0.121 and 0.0121 pfu/0.5 ml, respectively.

N.D.= Not Done

-12-



TABLE VI

Antibody Response of Rhesus ,onkeys Infected With Different Doses of
"ild Type Dencue-3 (CH5349) Virus.

Virus Dose 11 Titers on
Monkey (IDoin 0.5 ml) Post Infection day
Number 30 60

£44 15,000' >640 NJ.D.
G 49 500 N . D.
G75 >640 1.D.
I123 >640 N.D.
H24 520 !). D.

E23 1,500' 600 N.D.
E46 490 N.D.
G45 500 11.D.
1106 500 N . D.
H34 300 IJ.D.

* G58 150" 300 N.D.
G 078 >640 N.D.
G88 37 !.D.
090 470 11.D.
H 14 580 N .D.

G79 Unvaccinated, <10 <10
1I01 uninfected <10 <10
1121 controls <10 <10

*Correspond to 2.63, 0.263 and 0.0263 pfu/0.5 ml, respectively.

N.D.= Not Done

-3
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TABLE VIII

Seroconversion of Rhesus Honkeys Inoculated With Varying Amounts of
Dengue-3 Vaccine

---------------------------------------------------------------------------
Monkey Vaccine Dose Antibody titers on Post Vaccination Day
Number (11ID50 in 0.5 ml) 30 60

B348 12.5* 290 275

B594 420 336

B600 160 150

B860 110 320

E25 <10 <10

E26 3.125* <10 <10

E29 98 100

E30 >80 84

E31 >89 84

E32 <10 <10

*Correspond to 29xI0 4 pfu and 73 x 10-5 pfu, respectively

N.D.= Not done
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TABLE IX

Seroconversion of Rhesus Monkeys Inoculated With Varying Aniounts of'
Dengue-3 Virus (C!153489).

Monkey Virus Dose Antibody Titers on Post Infection Day
Numiber (I1!ID5 0.5 ul) 30 60

E35 3.75* 100 110

E38 96 98

E39 160 145

E41 88 90

*E 146 93 107

£70 *375* 29 30

E71 (10 <10

E328 63 79

E329 48 60

£330 82 100

G79 Uninfected (10 <10

Controls

H101 (10 <10

112 1 (10 <10

*Correspond to 2lxlcF4 pfu and 21 x lO-5 pfu, respectively.

N .D.~ Not Done
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Table X

Seroconversion of Rhesus Monkeys Inoculated With Varying Amounts of
Dengue-3 Vaccine (C1153489)

Monkey Vaccine Dose Antibody titers on Post Vaccination Day
Number (MID5 0 in 0.5 ml) 30 60

D348 12.50 290 275

B594 420 336

U600 160 150

B860 410 320

E25 <10 <10

C26 3.125* <10 <10

E29 98 100

E30 80 84

C31 89 84

E32 <10 <10

F13 0.3072* <10 <10

G50 <10 <10

G84 <10 <10

G85 <10 <10

G94 <10 <10

*Correspond to 29xIc 4 pfu, 73 x I05 pfu and 15 x 10-pfu,
respectively
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Table XI

Seroconversion of Rhesus Monkeys Inoculated With Varying Amounts Of
Dengue-3 Virus (CH53489).

Monkey Virus Dose Antibody Titers on Post Infection Day

Number (HIt~0 0.5 ml) 30 60

E35 3.75# 100 110

E3 8 96 98

E39 160 1415

E41 58 90

E4I6 93 107

E70 .375* 29 30

E7 1 (10 (10

E328 63 79

E329 418 60

E330 82 100

095 0.0297# <10 <10

096 (10 (10

G97 (10 (10

H112 (10 <10

H118 <10 (10
----------------------------------------------- ----------- ----------

G79 Uninfected (10 (10
Jb Controls

H101 (10 (10

H 121 (10 <10

------------------------------------------------------------------- ------------------- ------------- ----------

*Correspond to 21x1U4 pfu, 21 x 1Or5 pfu and 79 x 10-5 pft

respec tively.
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Table XII

Seroconversion of rhesus monkeys inoculated with different
amounts of Dengue-4 Vaccine (strain 341750 Caribe)

*D-4 Antibody Titers On
fonkey Pfu MIID 5 0  Post vaccination Day
number 0.5 ml 0.5 ml 30 60

D24 1.3 x I Ixl06 40 41

E437 <10 38

F1 <10 35

056 <10 50

G92 52 25

Ji 6,500 50,000 <10 <10

J2 < 10 < 10

Oil <10 <10

E25 <10 50

E26 <10 <10

E32 130 1,000 <10 <10

F13 <10 <10

G50 <10 <10

084 <10 37

G85 <10 <10
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Table XIII

Seroconversion of rhesus monkeys inoculated with different amounts
of wild type Dengue-4 virus (strain 341750 Caribe)

D-4 Antibody Titers on
Monkey Pfu HID 5 Q Post vaccination Day
Number 0.5 ml 0.5 ml 30 60

PI 25.5 1,900 66 190

P2 <10 170

P3 32 180

P4 <10 49

P5 47 230

P6 2.55 190 <10 <10

P7 <10 25

Winnie <10 36

G94 <10 <10

E71 43 260

G95 0.255 19 <10 <10

G96 <10 43

G97 <10 <10

E!12 <10 84

H18 <10 <10

G79 <10 <10

H01 uninfected <10 <10

1121 controls <10 <10
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FORElORD

In conducting the research described in this reports
the investigator(s) adhered to the "Guide for the
Care and Use of Laboratory Animals," Prepared by the
Committee on Care and Use of Laboratory Animals of
the Institute of Laboratory Animal Resources, National
Research Council (DHIIEW Publication No. (NIH) 78-23,
Revised 1978)

Edmundo Kraiselburd, Ph.D.
Associate Professor
Principal Investigator
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